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Monofocal intraocular lenses (IOLs) have been
used to improve vision after cataract surgery for
several decades. They are able to correct either 
far or near vision. However, they cannot provide
far and near vision simultaneously. For patients
who need both far and near vision at the same
time, monofocal IOLs cannot meet requirements
such as those of reading, writing and driving. The
recent development of IOLs has attempted to over-
come these problems by providing simultaneous
near and far vision with one-piece IOLs.
Accommodation and Presbyopia
In a healthy young lens, accommodation can 
be achieved through refractive deformation of
the lens, which leads to different thickness and
surface curvature in the crystalline lens, which 
result from interplay of the ciliary muscle and
zonules.1,2 When the ciliary muscle contracts, the
zonules and the lens relaxes and the lenticular
curvature becomes more curved. The increase in
the curvature raises the refractive power of the
lens and shortens the focal length for objects at a
finite distance. By using this mechanism, we can
allow objects from different distances to be fo-
cused on the retina. With increasing age, usually
from 40 years old, the ability for accommodation
wanes because of reduction in the elasticity of
natural lenses.1,2 After cataract surgery, followed
by artificial lens implantation, patients also lose
their accommodation ability. If patients want to
see at a distance and at close proximity, they
need to wear reading glasses or contact lenses in
addition to their monofocal IOLs.
Multifocal IOLs
Besides monofocal correction (one IOL for far
vision in the dominant eye, and another for a
depth of field of approximately 1.50 diopters [D]
for near vision in the non-dominant eye)3 and
presbyopic glasses or contact lenses, modern mul-
tifocal IOLs (MIOLs) might provide good presby-
opic correction without additional optical lenses.
The concept of multifocal or bifocal IOLs has
been developed over a long time. However, they
were not popular until the advancement of the
optical design of modern IOLs. According to dif-
ferent optical principles, MIOLs can be generally
divided into refractive IOLs, diffractive IOLs, and
other principles such as asymmetrical light distri-
bution and accommodative IOLs.
Refractive MIOLs
The earliest design of MIOLs is multizonal refrac-
tive IOLs.4–6 The refractive MIOLs have two or more
circular zones with different diopter strength,
which are now usually limited to the anterior sur-
face IOL. Each of these zones creates a focal point
for objects in the near, intermediate or far dis-
tance. The performance of the refractive MIOLs is
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strongly influenced by the size of the human
pupil because of the different foci in different re-
fractive zones. In 1986, the first refractive two-
zone MIOL was implanted by John Pearce.6 A
further development was the silicone AMO Array
MIOL (SA40N; AMO, Santa Ana, CA, USA), which
comprises five refractive zones. The disadvantages
of refractive MIOLs are high glare sensitivity, di-
minished contrast sensitivity and perception of
light sensitivity caused by scattered light from dif-
ferent concentric refractive zones in a large pupil.7
Researchers tried to increase the number of cir-
cular refractive zones and other modifications
(ReZoom MIOL; AMO) (Figure) to improve these
problems and the problems of central dysphotop-
sia and intermediate–distance vision.8 The refrac-
tive surface of the five zones was also aspherical,
which should also contribute to better contrast
sensitivity and glare reduction.9
Diffractive MIOLs
The first diffractive MIOL was developed in 1987 by
3M (St. Paul, MN, USA).10 The concept of diffrac-
tive IOLs is based on the fact that light is the visible
portion of the electromagnetic radiation spec-
trum (wavelength 380–780 nm), which comprises
a diffractive property. IOLs with full diffractive
optics have 30 concentric rings at constant height
intervals on the anterior surface. At the surface 
of the lens, the incoming light can be bent at 
two hot spots (near- and long-distance foci) by
changing the width and height of these concentric
steps (Figure). The focal lengths of these divided
rays can also be adjusted to create two distinct
hot spots according to each IOL design. The light
is evenly distributed with 41% of light energy 
between the two foci, and the remaining 18% is
lost as scattered light.11 The diffractive design was
the first pupil-size-independent IOL, in contrast
to the refractive MIOLs, for which the creation of
near focus is dependent on pupil size. Therefore,
diffractive MIOLs are able to improve optical prop-
erties and visual quality after implantation in 
a large pupil, compared with refractive MIOLs.
Furthermore, a new design of diffractive IOL, the
apodized MIOL (ReSTOR MIOL; Alcon, Dallas, TX,
USA),11 has been developed to further improve
optical quality by combining the optical principles
of refraction and diffraction and reducing optical
disturbing side effects such as glare and halos 
at the other hot spots, which are more frequently
found after implantation of refractive MIOLs.
These newest designs of diffractive IOLs, such as
Tecnis multifocal ZM9000 (AMO)12 and ReSTOR
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Figure. Principles of diffractive and refractive MIOLs. (A) The principle of a diffractive MIOL in which the incoming light
is bent on two hot spots (near- and long-distance foci), by changing the width and height of these concentric steps at the
surface of the lens. The focal lengths of these divided rays can also be adjusted to create two distinct hot spots according to
each IOL design. (B) The principle of a refractive IOL in which the anterior refractive surfaces have two or more circular zones
with different diopter strengths. Each of these zones creates a focal point for objects in the distant, intermediate or near sector.
IQ (Alcon), further combine aspherical and diffrac-
tive optics. With the introduction of the aspherical
principle and prolate optimized optics, the new
MIOLs are able to further reduce spherical aber-
rations of the cornea and aberrations induced by
diffraction.
Diffractive MIOLs with asymmetrical light
distribution
The diffractive MIOLs, such as Acri.LISA 366D
(Acri.Tec GmbH, Stuttgart, Germany),13,14 are
plate-optic multifocal IOLs that use a diffractive
optic design with asymmetric light distribution
for far and near vision. The IOL has neutral lens
asphericity and 0-degree angulation, which pro-
vide a range of pseudo-accommodation, better
contrast sensitivity, and improvement in inter-
mediate visual acuity. Because the Acri.Lisa 366D
is a diffractive MIOL, it is independent of pupil
size. It has been designed to reduce glare and halos
as a result of its asymmetrical light distribution,
with 65% of light going to the far focus for the
refracted light.14 However, such improvement may
not be perceived after surgery, probably because
of adaptation in the perception of two images,
especially with bilateral implantation.15
Accommodative or pseudo-accommodative
IOLs
Accommodative or pseudo-accommodative IOLs
are based on the principle of “forward-backward
movement” of the lens of the eye.16 This movement
is triggered by contraction and relaxation of the
ciliary muscle and thereby contributes to a change
in foci. Examples of accommodative or pseudo-
accommodative IOLs are the hydrophilic acrylic
IOLs such as the 1CU-IOL (HumanOptics AG,
Erlangen, Germany) and type-43E-IOL (Morcher
GmbH, Stuttgart, Germany), and silicone IOLs
such as the AT-45 CrystaLens (C & C Vision, Aliso
Viejo, CA, USA) and Synchrony (Visiogen Inc.,
Irvine, CA, USA). Accommodative IOLs increase
depth of field even more but also use a monovi-
sion approach, with one eye being targeted for
approximately −1.00 D. However, the results of
pseudo-accommodative and accommodative IOLs
are very contradictory. The long-term result after
implantation still needs to improve.17
Image Quality of MIOLs
With the emergence of recently developed MIOLs,
image quality after implantation of these MIOLs
has become a major concern. Old refractive
MIOLs (AMO Array and SA40N) result in higher
intraocular aberrations and symptoms of central
dysphotopsia.18 Therefore, new refractive MIOLs
(ReZoom) have been modified to have aspherical
surfaces on their anterior and/or posterior sides;
thus smooth changes in the zonal power of the
lens from its center to its edge have been designed
to improve image quality.19 Even though the re-
fractive MIOLs are pupil-size-dependent, they
still have the problems of glare and halos in a
large pupil. For example, Kawamorita and Uozato
have shown that, with large pupils, the near
modulation transfer function (MTF) increases at
the expense of the distance MTF in refractive
MIOLs.20 In principle, the basic optical character-
istics of purely diffractive MIOLs are unaffected by
changes in pupil diameter. Diffractive–refractive
MIOLs (apodized diffractive) are in essence a 
hybrid combination of refractive and diffractive
lenses in which the size of pupil can still affect
the optical performance of the MIOL. However,
Ortiz et al have shown that the hybrid refractive–
diffractive IOL is the least affected by pupil di-
ameter in terms of intraocular aberrations, and
has a significantly smaller increase in optical
aberrations when the pupil is enlarged, in com-
parison with the refractive IOLs.21 Although signif-
icant advancement in the optical design of MIOLs
has been achieved, further studies are required to
evaluate and compare the optical quality of these
new MIOLs.
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